骨格性下顎前突症に対する外科的矯正治療での従来法およびSurgery-first法における術後軟組織の３次元的形態変化に関する研究 by 岡本 大吾
A comparison of postoperative,
three-dimensional soft tissue changes in
patients with skeletal class ? malocclusions







           
           
           
           
  
博 ⼠ 論 ⽂ 
 
A comparison of postoperative, three-dimensional soft tissue changes in patients with 
skeletal class III malocclusions treated via orthodontics-first and surgery-first approaches 
（⾻格性下顎前突症に対する外科的矯正治療での従来法および Surgery-first 法における 










東 北 ⼤ 学 
 2 
Abstract 
The aim of this retrospective study was to evaluate three-dimensional (3D) soft tissue and 
hard tissue changes after orthodontics-first approach (OFA) and surgery-first approach (SFA) 
after mandibular setback surgery. The OFA group consisted of 24 patients and the SFA group 
of 15 patients. All patients underwent bilateral sagittal split osteotomy, and were examined by 
lateral cephalograms and 3D optical scanner before surgery (T0) and 1 (T1), 3 (T2), 6 (T3), 
and 12 (T4) months after surgery. No significant between-group difference was evident up to 
1 month after surgery, but significant differences emerged after 3 months. The SFA group at 
mandible exhibited more labial incisor inclination from T1 to T2 and T2 to T3 than did the 
OFA group (both p<0.05), and the mandible in SFA group moved significant 
counterclockwise from T1 to T2 and from T2 to T3 . The soft tissue relapse rates of the OFA 
were 14.8% at T2 and 14.9% at T3, those of the SFA were 27.3% at T2 and 33.3% at T3 at 
mandibular symphysis area. I found that the soft tissue changes after the SFA differed 











Orthognathic diagnosis and surgical planning have traditionally used two-dimensional (2D) 
images for cephalometric analysis. Recently, a paradigm shift to three-dimensional (3D) tools 
(computed tomography [CT], 3D photography, and 3D simulations) has aided the fabrication 
of surgical guides and patient-specific implants for those with jaw deformities. Soft tissue 
changes after orthognathic surgery are important to patients and thus affect treatment 
decision-making. Surgeons must discuss facial profile changes with patients. (Suh HY et 
al.,2012) Cone-beam CT, laser/optical scanners, 3D photography, and orthodontic 
simulations are used in the clinic for soft tissue visualisation and analysis. However, accuracy 
is lacking; more data from normal individuals and patients are required. (Hoogeveen et al., 
2013; Iblher et al., 2013; Yamaguchi Y et al., 2018) Recently, an orthognathic surgery-first 
approach (SFA) has become popular; this proceeds in the absence of presurgical dental 
decompensation. The SFA shortens the total treatment period; however, orthodontic 
treatment is required after surgery. (Nagasaka et al.,2009; Yamauchi et al., 2019) This 
changes the occlusal relationships and inclinations of the incisors. Few reports have evaluated 
soft tissue changes after SFA, or those associated with dental decompensation. To achieve 
optimal results, surgical planning must be accurate and changes in hard and soft tissues 
reliably predicted. Here, I retrospectively compare 3D soft and hard tissue changes after the 
conventional orthodontics-first approach (OFA) and SFA. 
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Materials and Methods 
Protocol and patients 
This retrospective study was performed between January 2014 and December 2017 and was 
approved by the Medical Ethics Committee of the Tohoku University Graduate of Dentistry. 
A total of 135 patients were diagnosed with skeletal class Ⅲ malocclusions in the Department 
of Oral Maxillofacial Surgery of Tohoku University Hospital. Patients with an associated 
syndromic diagnosis, a cleft lip or palate, dentofacial trauma, a history of Le FortⅠosteotomy 
and/or genioplasty, and/or who exhibited severe asymmetry (>4 mm deviation from the tooth 
midline to the facial midline) were excluded. The OFA group consisted of 24 patients (18 
females and 6 males) and the SFA group of 15 patients (9 males and 6 females). All were aged 
between 17 and 37 years. The mean ages were 23.6 years in the OFA group and 22.0 years in 
the SFA group. Written informed consent was obtained from all patients prior to surgery. 
(Table 1)  
Orthodontic treatment 
No presurgical orthodontic treatment was performed in the SFA group. The Sendai SFA 
protocol is shown in Figure 1. (Yamauchi et al., 2019)Preoperatively, surgery was simulated 
using lateral cephalograms, dental models, and 3D CT to determine the appropriate extent of 
surgical occlusal splinting prior to postsurgical orthodontic treatment, which commenced 4‒
 5 
8 weeks after surgery (Figure 2). In the OFA group, preoperative orthodontic treatment 
featured dental decompensation, arch alignment, maxillary and mandibular arch co-
ordination, and correction of the aggravated curves of Spee. In the OFA group, there were 3 cases 
of premolar extraction and 21 cases of non-extraction (excluding wisdom teeth) at preoperative orthodontic 
treatment. In the SFA group, there were 2 cases of premolar extraction and 13 cases of non-extraction 
(excluding wisdom teeth) at the surgery. 
Surgical procedures 
All patients underwent bilateral sagittal split osteotomy (BSSO) under general anaesthesia 
with nasotracheal intubation. All operations were performed by two skilled oral surgeons. The 
mandible was fixed using a six-hole titanium mini-plate and screws that were tightened with 
an angled screwdriver. Hard elastics and a surgical splint (with ball clasps) were placed for 5 
days in the SFA group to ensure retention. In both groups, training elastics were placed for 
12‒16 months after removal of the hard elastics. The surgical splints were removed at 1‒2 
weeks postoperatively in the OFA group but only after 4‒8 weeks in the SFA group to allow 
adjustment of the occlusal relationship. All patients were examined in the same manner five 
times; thus, before surgery and 1, 3, 6, and 12 months after surgery.  
Cephalography 
Cephalography was performed with the aid of a cx-150w platform (Asahiro Entogen, Kyoto, 
Japan) before surgery (T0) and 1, 3, and 12 months (T1-T3) after surgery by skilled 
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examiners using Tohoku University Hospitalʼs protocol (80 kV, 200 mA, irradiation time 0.1 
s, dose 51.97 µGy/m², focal length 20 cm, subject distance 200 cm). Tracings were prepared 
on acetate paper and the points used in the cephalometric analysis identified. All tracings and 
measurements were performed twice by two examiners and changes in tooth axes and 
mandibular angles recorded. Landmarks for all head measurements were identified, as were 
changes in defined areas. (Figure 3)  
3D optical scanning  
3D images of facial soft tissues were obtained using an Artec Eva imaging system (Data-design, 
Aichi, Japan) on the visit that featured cephalography. (Resolution;0.5mm, processing 
capacity; 40,000,000 mesh/1GB RAM) The head was placed in a natural position with the 
eyes closed and the lips relaxed. The output Standard Triangulated Language files were 
evaluated with the aid of Artec Studio software (3DS, Kanagawa, Japan). 
Volumetric and linear analysis of the 3D optical scans 
Scan data were analyzed with the aid of 3D-Rugle software (Medico-Engineering, Kyoto, 
Japan). A vertical plane through the nose and forehead was constructed by reference to the 
Frankfort horizontal plane for each dataset. Next, pairs of datasets (from different evaluations) 
were superimposed by reference to the T-zone (the area from the forehead to the root of the 
nose) using the iterative closest point algorithm. (Yamaguchi Y et al., 2018) The software 
calculated volumetric changes in defined regions by summing the areas of soft tissue 
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differences in all slices. (Plooij et al., 2009) The landmarks for all head measurements were 
identified. The areas evaluated were delimited by rectangles. (Figure 4) (Daniel et al., 2018; 
Kyung et al., 2013; Barıs et al., 2013; Min et al., 2014; Swennen et al., 2006) 
Statistics 
Statistical analyses were performed with the aid of SPSS Statistics (ver. 27) for Windows (IBM 
Corp., Armonk, NY, USA). We present means±standard deviations and compared the patient 















I found no significant between-group difference in sex, age, body mass index, or setback dose. 
The U1-to-FH changes from T0 to T1, T1 to T2, and T2 toT3 were -0.2, 0.2, and 0.42ºin the 
OFA group and 0.57, 0.4, and 0.53ºin the SFA group (p>0.05). The IMPA changes were 
(OFA group) -0.17, 0.42, and 0.42º, and (SFA group) 0.67, 1.93, and 1.73º. The SFA group 
exhibited more labial inclination from T1 to T2 and T2 to T3 than did the OFA group (both 
p<0.05). The FMA changes were (OFA group) 1.63, -0.04, and -0.21º, and (SFA group) 2.27, 
-1.27, and -0.73º. The mandible in SFA group moved significant counterclockwise from T1 to 
T2 and from T2 to T3 (Figure 5). (Table 2) In terms of maxillary soft tissue volume changes, 
the figures were (OFA group) -0.3, 0.03, and -0.24 ㎣ from T0 to T1, T2, and T3, and (SFA 
group) -0.02, -0.02, and -0.18 ㎣ (p>0.05). The mandibular figures were (OFA group) -10.9, 
1.55, and 0.07 ㎣ and (SFA group) -8.82, 2.41, and 0.53 ㎣ (p>0.05). (Table 3) Compared 
to before surgery, the maxillary changes 1 and 3 months and 1 year after surgery (T0‒T1, T0‒
T2, and T0‒T3) were (OFA group) -0.33, -0.15, and -0.38 ㎣, and (SFA group) -0.02, -0.03, 
and -0.21 ㎣ (p>0.05). Over the same periods, the lower jaw changes were -10.9, -9.34, and 
-8.88 ㎣ (OFA group) and -8.82, -6.41, and -5.87 ㎣ (SFA group) (Figure 6). No significant 
between-group difference was evident up to 1 month after surgery, but significant differences 




3D surgical simulation has been widely used for the past 20 years. Hard tissue evaluations 
and predictions are recognised as accurate by surgeons, orthodontists, and patients. However, 
the accuracy of soft tissue prediction remains uncertain. The software used and the patientsʼ 
age, race, body type, and scan position may differ. 2D cephalograms were historically 
employed but are now unacceptable; accurate 3D predictions are essential to aid decision-
making and ensure patient satisfaction. Min et al showed that all 3D facial soft tissue analysis 
methods demonstrated favorable accuracy and reproducibility, and they could be used in 
clinical practice and research studies. (Min S K et al.,2014). Recently, the SFA has become 
popular; the treatment time is shorter than that of the OFA. ( Yamauchi et al., 2019; 
Hernández et al., 2017a) Few reports on soft tissue changes caused by presurgical dental 
decompensation have appeared. Phonpraserth et al (evaluating 2D data) found that incisor 
decompensation triggered soft tissue changes before surgery. ( Phonpraserth et al., 
1999)Class III patients exhibited significant mandibular incisor proclination caused by 
forward movement of soft tissue and a reduction in the lower lip counter angle. Holzinger et 
al. superimposed 3D images (simulations and real postoperative results) to explore whether 
soft tissue changes were accurately predicted prior to SFA. ( Holzinger et al., 2018) However, 
none of the postoperative occlusal relationships, dental inclinations, or changes over time were 
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evaluated. The 3D soft tissue changes caused by both pre- and post-operative orthodontic 
treatments remain unclear.   
I found significant between-group differences in mandibular soft tissue changes. Although 
the soft tissue relapse rates of the OFA were 14.8% at T2 and 14.9% at T3, those of the SFA 
were 27.3% at T2 and 33.3% at T3. The explanation is twofold. The SFA group exhibited 
postoperative, mandibular incisor proclination and counterclockwise mandibular rotation. 
(Han et al., 2018) The IMPA angle increased by 3.66ºfrom T1 to T3. The amount of 
mandibular movement by the orthognathic surgery was similar in both groups. However, the 
mandibular hard tissue change increased according to the proclination of mandibular incisors 
moved by the postoperative orthodontic treatment in SFA group. Consequently mandibular 
soft tissue would react as an increase up to 12 months postoperatively. The 2D evaluations of 
Phonpraserth et al. showed that the IMPA increased by 10.8ºand the lower lip counter angle 
decreased by 9.4º.(Geert et al., 2015; Hernandez et al., 2017b) This decrease indicates that 
the 3D volume increased around the lower lip, perhaps affecting myofunctional parameters 
such as breathing and swallowing, and also facial appearance.  
The FMA angle of the SFA group increased by about 2.27º when a wafer was placed at T1 
and fell by about 2º when the wafer was removed (because the occlusal relationship was 
stable) at the 1-year follow-up. In SFA patients in whom surgical wafers were placed in the 
molar region, the postoperative occlusal relationship tended toward class II malocclusion with 
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a positive overjet. During surgical wafer use (for about 4‒8 weeks after surgery), orthodontic 
guidance aids attainment of a stable and reproducible occlusal relationship. The wafer 
increased the FMA angle by about 0.6º (compared to that of the OFA group) at T1. The 
occlusal relationship stabilities at T2 and T3 were more affected by changes in the mandibular 
angle. The SFA has been used for decades to treat dentofacial deformities, but no standard 
protocol has yet emerged. (Hernandez et al., 2014; 2017b) We used the Sendai approach of 
Nagasaka and Sugawara et al.  (2009) This features no presurgical orthodontic treatment and 
placement of a surgical wafer for 4 to 8 weeks; the soft tissue changes may thus be greater than 
those of other SFA approaches. Furthermore, all of our patients exhibited skeletal class III 
malocclusions; this is the principal dentofacial deformity in Far East Asia. We encountered 
only small numbers of patients with class II malocclusions; thus, comparisons were not 
possible. We have limited experience with the SFA for such patients. (Saghafi et al., 2020) All 
operations were performed by two skilled oral surgeons. OFA were performed by eighth 
skilled Orthodontist. SFA were performed by two skilled Orthodontist. Although there is a 
gap between dentists. This study did not evaluate bias by surgeons and orthodontists. 
Predictions of soft tissue changes were especially inaccurate in the lip area, possibly reflecting 
among-patient differences in lip tonicity, length, posture, and mass. (Polley et al., 2013) Thus, 
we placed few landmarks in lip areas. Furthermore, our optical scanner could not accurately 
evaluate undercut. Volumetric analysis via cone-beam CT adequately evaluates various tissues, 
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including the lips, but time-course studies may be difficult given that patients would be 
repeatedly exposed to radiation.  
The literature suggests that the SFA yields outcomes that are as stable and predictable as 
those of the OFA. (Min et al., 2014; Soverina et al., 2019; Dong et al., 2019) Most evaluations 
compared skeletal and dental outcomes via cephalometry or superimposition of CT scans; soft 
tissue evaluation was not performed even when dental decompensation was performed before 
surgery. We found that the soft tissue changes after the SFA differed significantly from those 
after the OFA; thus, soft tissue predictions require more care.  More data on hard and soft 
tissue changes in patients differing in terms of race, sex, age, type of deformity, and surgical 
treatment are required.  
In conclusion, an analysis of our data compared with OFA and SFA for the patient with 
mandibular prognathism confirmed that the mandibular soft tissue changes by postoperative 
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Table 1 : Gender, Age, BMI, Setback  
  OFA-group(n=24) SFA-group(n=15) p Value 
Sex  female; 18, male; 6 female; 9, male; 6  
Age (y)  23.6±4.8 22.1±6.8 0.47 
BMI(kg/m²)  20.7±2.6 20.7±2.4 0.75 
Setback (mm)     
 Right side 6.1±1.8 6.8±2.2 0.31 












Table 2 : change of tooth axis and mandibular plane angle (degree) 
    T0-T1 T1-T2 T2-T3 
U1 to FH         
 OFA -0.2±0.58 0.2±0.5 0.42±1.32 
 SFA 0.57±0.44 0.4±0.8 0.53±1.26 
  p Value 0.11 0.43 0.79 
IMPA         
 OFA -0.17±0.68 0.42±1.19 0.42±1.32 
 SFA 0.67±1.53 1.93±1.43 1.73±0.93 
  p Value 0.07 < 0.05 < 0.05 
FMA         
 OFA 1.63±3.51 -0.04±0.61 -0.21±0.50 
 SFA 2.27±3.11 -1.27±1.65 -0.73±0.68 













Table 3 : soft tissue overlay (㎣) 
  T0-T1 T1-T2 T2-T3 
maxilla     
 OFA -0.33±0.53 0.03±0.3 -0.24±0.54 
 SFA -0.02±0.53 -0.02±0.45 -0.18±0.56 
 p Value 0.09 0.7 0.72 
mandible     
 OFA -10.9±5.90 1.55±2.16 0.07±2.10 
 SFA -8.82±4.33 2.41±1.26 0.53±1.05 



















Table 4. soft tissue compared to before surgery (㎣) 
  T0-T1 T0-T2 T0-T3 
maxilla     
 OFA -0.33±0.53 -0.15±0.57 -0.38±0.74 
 SFA -0.02±0.53 -0.03±0.67 -0.21±0.76 
 p Value 0.09 0.60 0.38 
mandible     
 OFA -10.9±5.9 -9.34±4.83 -8.88±4.34 
 SFA -8.82±4.33 -6.41±3.69 -5.87±3.76 




























Figure 2  
Intraoral photograph showing postoperative 4 weeks in SFA group. The occlusal splint was 







Figure 3  
Landmarks used in this study. Or : the most inferior point of each infraorbital rim. Po : the 
most superior poin of each external acustic meatus. Me : the most inferior midpoint of the 
chin on the outline of the mandibular symphysis. Go : the point at each mandibular angle 
that is defined by dropping a perpendicular from the intersection point of the tangent lines 
to the posterior margin of the mandibular vertical ramus and inferior margin of the 
mandibular body. U1 : midpoint of incisal edge of most prominent maxilla central incisor. 
L1 : midpoint of incisal edge of most prominent mandibular central incisor. Angular 
measurements. U１to FH angle：angle subtended by the Frankfort plane and the long axis 
of the most anterior maxillary incisor. IMPA : angle subtended by the mandibular plane and 
the long axis of the most anterior mandibular incisor. FMA : angle subtended by the 









Figure 4  
Indicates soft tissue analysis range. Ac : the alar curvature point landmark (The point 
located at the facial insertion of each alar base). Ls : the labiale superius landmark (the 
midpoint of the vermilion line of the upper lip). Ch : the cheilion landmarks(the point 
located at each labial commissure). Li : the labiale inferious landmark(the midpoint of the 
vermilion line of the lower lip). gn : the soft tissue gnathion landmark(the most inferior 
midpoint on the soft tissue contour of the chin located at the level of the 3-D cephalometric 
hard tissue Menton landmark). The range enclosed by the rectangle is the evaluation range. 
Horizontal is maxilla (Green) from Ac to Ls. Mandible (yellow) from Li to gn. Vertical range 





Lateral X-ray photographs of representative case in OFA and SFA group. The occlusal 










Facial soft tissue changes of representative case in OFA and SFA group. Shows a positive 
change as it goes red and shows a negative change as it goes blue. In both cases, the amount 
of change in soft tissue is decreasing. 
 
 
 
 
 
 
  
 
